In the present study, high levels of peptidylglycine ␣-amidating monooxygenase (PAM), which catalyzes the two-step formation of bioactive ␣-amidated peptides from their glycine-extended precursors, have been found in the uterus. Expression of PAM was evaluated in the uterus of intact cycling adult female rats and after experimental manipulation of the estrogen status of the rats. During the estrous cycle, PAM mRNA levels exhibited striking changes inversely related to the physiological variations of plasma estrogen levels. The levels of PAM transcripts changed markedly during the estrous cycle, reaching the highest levels at metestrus. There was a 15-fold increase in the abundance of PAM mRNA between metestrus and proestrus. Chronic treatment of ovariectomized rats with 17␤-estradiol decreased PAM mRNA levels to values comparable with those found in intact rats at proestrus. Progesterone was without effect on PAM mRNA levels, indicating that the effect was specific for estradiol. In situ hybridization studies were conducted to determine the tissue disposition and cell types expressing PAM. High levels of PAM mRNA were localized in the endometrium at the level of luminal and glandular cells. A weak signal was observed in stromal cells, and the myometrium cells were negative. 17␤-Estradiol treatment induced an overall decrease of the hybridization signal, as compared with ovariectomized rats. These results demonstrate the presence of high levels of PAM in the uterus and indicate that estrogens are involved in regulating the expression of the enzyme in this tissue. However, the present study provides no information regarding whether this regulation takes place at the level of transcription or influences mRNA stability.
Small bioactive peptides are derived from larger precursor proteins following a series of post-translational cleavage and modification steps (1, 2) . For many of these peptides, full biological activity depends on ␣-amidation of the carboxyl-terminal amino acid. The two-step ␣-amidation reaction is catalyzed by the bifunctional enzyme peptidylglycine ␣-amidating monooxygenase (PAM; EC 1.14.17.3). The PAM precursor protein executes both of the enzymatic activities involved in peptide amidation (3, 4) . Soluble and membrane-associated PAM activities have been identified, and their distribution is tissue specific (5) . Alternative splicing of the single-copy PAM gene and post-translational processing of the PAM proteins both contribute to the generation of tissue-specific forms of PAM (6) (7) (8) (9) .
In their studies on the distribution of soluble and membraneassociated PAM activity and PAM mRNA in different rat tissues, Braas et al. (5) showed that the uterus contained extremely low levels of PAM. Recently, we showed that estrogen status is involved in the regulation of PAM expression in the rat anterior pituitary gland (10) . We demonstrated that PAM mRNA levels showed changes inversely related to the physiological variations of plasma estrogen levels during the estrous cycle (10) . Chronic treatment of ovariectomized (OVX) rats with 17␤-estradiol decreased PAM mRNA levels to values comparable with those found in intact rats at proestrus (10) .
The uterus is composed of various cell types that respond differentially to estrogen and progesterone. In the adult OVX rodent uterus, estrogen stimulates the proliferation of luminal and glandular epithelia, whereas in the stroma this process requires progesterone and is potentiated by estrogen (11, 12) .
Because PAM expression in the anterior pituitary gland is regulated by the estrogen status and the uterus is one of the tissues most sensitive to estrogen regulation, we began studies aimed at examining the presence and the functional role of the enzyme in uterine tissue.
The studies described here were conducted to identify PAM expression and to examine the effects of estrogen status on PAM in the rat uterus. Levels of PAM mRNA were assessed by Northern blotting analysis, and changes in PAM mRNA forms were investigated by using reverse transcription-PCR. Tissue levels of PAM activity were measured. PAM protein forms were examined by Western blot analysis. In situ hybridization studies were conducted to determine the cell type expressing the enzyme and whether changes in estrogen status altered PAM mRNA levels in all or only a fraction of the cell population of the uterus.
MATERIALS AND METHODS
Animals and Treatments. Ten-week-old female SpragueDawley rats (200-250 g; Dépré, Lyon, France) were maintained under standard laboratory conditions with a 14-h light, 10-h dark schedule, with food and water provided ad libitum. At least three animals were used for each stage of the estrous cycle and for each experimental group (ovariectomy with or without hormone replacement). Estrous cyclicity was monitored by cytological examination of vaginal smears taken between 0800 and 1000 hours. Only those females who exhibited at least four consecutive 4-day estrous cycle were selected for study. The complete study of the estrous cycle was repeated three times.
For studies on hormone replacement, rats were OVX and then rested for 1 week. To examine the effect of estradiol or progesterone on PAM expression, OVX animals received for 1 week daily s.c. injections of 17␤-estradiol (E2, 4 g per day; Merck), or progesterone (P, 1 mg per rat; Sigma), diluted in 100 l of sesame oil, alone or in a combination of both. Control animals were injected with sesame oil.
At the end of each experiment, the animals were killed by decapitation and trunk blood was collected for serum luteinizing hormone (LH) and estradiol measurements. Uteri were rapidly removed for determination of PAM activity, preparation of total RNA, or in situ hybridization.
LH RIA. Plasma levels of LH were measured in duplicate in a single assay by a double-antibody RIA and expressed as ng͞ml of National Institute of Diabetes and Digestive and Kidney Diseases rat LH-RP 2. Anti-rat LH serum CSU 120 was provided by G. D. Niswender (Colorado State University, Fort Collins). The sensitivity of the assay was 0.25 ng͞ml of plasma. The intra-and interassay coefficients of variation were below 10%.
Estradiol RIA. Plasma estradiol levels were measured by using a radioimmunoassay ( 125 I-Estradiol COATRIA; BioMerieux, Lyon, France). The cross-reactivity of the estradiol antiserum with corticosterone was less than 0.017%. The limit of sensitivity of the assay was 12 pg͞ml of plasma. The intra-and interassay coefficients of variation were 6% and 7%, respectively.
RNA Analysis. Total uterine RNA was prepared (13), fractionated on 1% agarose gels containing formaldehyde, transferred to Hybond-N membrane (Amersham), UV cross-linked, and hybridized to ␣-32 P-labeled full-length PAM cDNA (3.8 kb) (7) . Filters were prehybridized, hybridized, and washed as previously described (14) . To correct for the actual amount of RNA in each lane, blots were stripped and hybridized to cDNA probes derived from ribosomal protein S26 mRNA. S26 mRNA is an invariant control for gene regulation experiments in eukaryotic cells and tissues (15) . The autoradiograms were analyzed by measurement of optical density by scanner-densitometer using NIH IMAGE 1.54 software (National Institutes of Health). The results are expressed as optical density (OD) of PAM mRNA͞OD of S26 mRNA, with the bars representing the mean Ϯ SEM for each group of rats.
Combined Reverse Transcription-PCR. Total uterine RNA (2 g) from OVX and OVX rats treated with 17␤-estradiol, was reverse transcribed into cDNA by using reverse transcriptase encoded by Moloney murine leukemia virus, as described by the supplier (Life Technologies, Paris). Amplification of cDNA derived from 200 ng of total RNA was performed in a 50-l reaction volume with a buffer consisting of 20 mM Tris⅐HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , and 0.1% Triton X-100 in the presence of 200 M each dNTP, 1 M each primer, and 2.5 units of Extrapol I DNA polymerase (Eurobio, les Ulis, Paris). Thirty-five cycles of annealing at 52°C for 50 sec, elongation at 72°C for 2 min, and denaturation at 94°C for 40 sec were performed on a Biometra trio-thermoblock cycler (Biometra, Göttingen, Germany). Samples were fractionated on 1.8% agarose gels in 45 mM Tris͞borate͞1 mM EDTA, pH 8, and visualized by staining with ethidium bromide.
Preparation of Tissue Extracts. Uterine tissue from different groups of animals was homogenized at 4°C (in a Teflon͞glass homogenizer, 10 strokes) in 20 mM sodium Tes [N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid], pH 7.4͞10 mM mannitol, containing 2 g͞ml leupeptin, 16 g͞ml benzamidine, and 300 g͞ml phenylmethylsulfonyl fluoride (PMSF). The homogenates were centrifuged at 2,000 ϫ g for 10 min to yield a pellet containing nuclei, unbroken cells, and connective tissue. The supernatants were either submitted to three consecutive freeze-thaw cycles or sonicated for 15 sec, and then centrifuged for 10 min at 2,000 ϫ g. The supernatants were stored at Ϫ70°C until assayed for ␣-amidation activity (PAM assay) and immunoactive PAM (Western blot). Protein concentrations were determined by using the bicinchoninic acid protein assay reagent (Pierce) and BSA as standard.
Amidation Assays. Amidation assays were performed in duplicate essentially as described previously (10, 14) . Unless indicated otherwise, assay tubes contained 25,000-35,000 cpm of mono-125 I-DTyr-Val-Gly, 0.5 M DTyr-Val-Gly, 500 M ascorbate, 10 M Cu 2 SO 4 , catalase (100 g͞ml), and 2-6 g of protein in 150 mM NaTes buffer, pH 8.5. Reaction velocities are generally expressed as picomoles of product formed per microgram of protein per hour (specific activity). The variation between duplicate samples was less than 5%. Reaction velocities reported are initial velocities, measured at a concentration of substrate about 1͞10 of the K m of the enzyme for peptide substrate. In general, no more than 10% of the substrate was converted into product in the assay.
Western Blot Analysis. Samples from uterine and anterior pituitary tissues were prepared for electrophoresis by making them 2% in SDS and 5% in 2-mercaptoethanol and boiling for 5 min. Samples were fractionated by SDS͞PAGE and subjected to Western blot analysis (10) using a 1:2000 dilution of rabbit antiserum raised against purified bacterially expressed PHM domain of PAM [Ab1764 to rPAM-(37-382); kindly provided by B. A. Eipper, Johns Hopkins University] and an enhanced chemiluminescence kit (Amersham).
In Situ Hybridization. In situ hybridization using 35 S-labeled riboprobes was performed as previously described (16, 17) . Cryostat sections (10 m) were mounted onto gelatin-coated slides. Labeled probes were prepared by using [␣- 35 S]thio-UTP (New England Nuclear͞DuPont) and T 3 or T 7 RNA polymerase (Stratagene) to synthesize sense and antisense RNA transcripts, respectively, from the rPAM-1 cDNA cloned into Bluescript (7). Slide preparation, hybridization, and washes were carried out as described (10) . Slides were exposed to x-ray film (Kodak X-Omat AR) for 3 days. For higher resolution analysis, slides were dipped in Ilford K5 photographic emulsion. The slides were stored for 2 weeks at room temperature, developed, and lightly counterstained with hematoxylin.
Statistical Analysis. All results are expressed as the mean values Ϯ SEM. Statistical analysis was performed by a one-way analysis of variance followed by Fisher's PLSD (protected least significant difference) test (ANOVA, Statview 512; Brain Power, Calabasas, CA).
RESULTS

Identification of PAM Expression in Rat Uterus During the Estrous Cycle.
With the demonstration of a tissue-specific regulation of pituitary PAM expression by thyroid hormone (18) and estrogen (10), a reexamination of the levels of PAM in various tissues in the adult female rat was undertaken. PAM activity and PAM mRNA were clearly shown to be present in the uterus. PAM mRNA expression was examined during the estrous cycle in intact cycling rats. PAM mRNA levels in the uterus, at different periods of the estrous cycle, were assessed by Northern blotting analysis. Total RNA extracted from the uteri of individual rats was fractionated on denaturing agarose gels and transferred to Hybond-N. A radiolabeled rPAM-1 probe spanning the entire rat PAM cDNA was used to visualize PAM mRNA (Fig.  1A) . Uterine PAM mRNA was 4.2-3.6 kb in size (data not shown). The amount of ribosomal protein S26 RNA present in each sample was determined by hybridization to a cDNA probe for rat ribosomal protein S26 mRNA (Fig. 1 A) . The amount of PAM mRNA in each sample was then normalized to the amount of S26 mRNA (Fig. 1B) . High levels of PAM mRNA were detected in rat uterus. There was a significant change in uterus PAM mRNA levels during the different periods in cycling females. Uterine PAM mRNA levels at proestrus and diestrus were significantly lower than at metestrus and estrus. PAM mRNA levels at proestrus (1000 hours) were (15 Ϯ 0.5)-fold lower than at metestrus and estrus (n ϭ 3; mean Ϯ SEM, Fig. 1B ). The regularity of the estrous cycle was verified by measurement of circulating LH and estradiol levels ( Table 1) . As expected, mean concentrations of LH were greater (P Ͻ 0.0001) in rats at 1600 hours during the proestrus period and were not different among the other periods of estrous cycle. Similarly, estradiol levels were highest at 1600 hours during the proestrus period ( Table 1 ). The changes in uterine PAM mRNA expression observed in normal cycling females may be related to the changes of estrogen status during the cycle.
Effect of Estrogen Status on PAM Expression. Adult female rats were OVX, and the effect of 17␤-estradiol replacement (4 g͞day for 1 week) on uterine PAM expression was examined. The efficiency of surgical ovariectomy and estradiol treatment was verified by measurement of plasma LH levels (Fig. 2B ). 17␤-Estradiol treatment decreased plasma LH levels from 3.41 Ϯ 0.28 ng͞ml to 1.55 Ϯ 0.15 ng͞ml in OVX rats (P Ͻ 0.0001). Uterine PAM expression in OVX and OVX-17␤-estradioltreated rats (OVXϩE2) was assessed by Northern blotting analysis to examine PAM mRNA levels and forms, and by measurement of PAM activity. PAM mRNA levels in total uterine RNA prepared from individual animals were analyzed by Northern blotting as described above (Fig. 2 A) . The amount of PAM mRNA in each sample was then normalized to the amount of S26 mRNA (Fig. 2B) . Uterine PAM mRNA levels in OVXϩE2 rats were decreased (12.5 Ϯ 0.9)-fold below OVX values (n ϭ 3; mean Ϯ SEM). This result is in agreement with the data shown in Fig. 1 . No alteration in the molecular size distribution of PAM mRNA could be detected. PCR Analysis of PAM mRNAs in the Uterus. In the rat, alternative splicing of a single-copy PAM gene generates multiple forms of PAM mRNA (Fig. 3A) (6, 8, 9 ). To determine whether estrogen status altered the forms of PAM mRNA present in the uterus, a qualitative measure of the forms of PAM mRNA present was obtained by carrying out PCR amplification using pairs of oligonucleotide primers that distinguish among the different alternatively spliced forms of PAM mRNA (Fig. 3B) . The primer pair (4͞56) spanning exon A (315 nt) distinguishes between mRNA of the rPAM-1 type and mRNAs of the rPAM-2, -3, -3a, or -3b types (Fig. 3A) ; mRNAs of the rPAM-4 and -5 types are not amplified by this primer pair. The data demonstrated that rPAM-1, -2, and -3 are present in the uterus.
The primer pair (3͞10) spanning the region referred to as exon B (258 nt) distinguishes between mRNAs of the rPAM-1, -2, -3b, -3a, and -3 types (Fig. 3A) . Elucidation of the exon͞intron structure of the gene encoding rat PAM indicates that exon B is composed of two exons (exons 25 and 26); exon 25 (204 nt) encodes the transmembrane domain of PAM and is followed by the 54-nt exon 26. Alternative splicing can exclude either both or neither of these exons to generate the forms of PAM mRNA observed. The data showed that the predominant splicing pattern induced both of these exons; rPAM-1 or 2, 3b, and 3 were observed. No mRNAs encoding rPAM-3a could be detected. On the basis of amplification using these two sets of primers, we found no effect of estrogen status on the alternatively spliced forms of PAM mRNA in the uterus; this observation is consistent with the results of Northern blotting analysis, which failed to demonstrate an alteration in the molecular weight pattern of PAM mRNA after manipulation of the estrogen status. rPAM-4 and rPAM-5 mRNAs were barely detectable by reverse transcription followed by PCR amplification with form-specific primers, and the results demonstrated that estrogen status had no effect on these two forms (data not shown).
Because estrogen status had a dramatic effect on PAM mRNA levels, the effect of estrogen replacement on the uterine PAM specific activity was also assessed ( Table 2 ). The specific PAM activity was found to be 0.09 pmol͞h per g of protein in OVXϩE2 rats and 0.21 pmol͞h per g in OVX rats. The data demonstrated that estradiol treatment resulted in a (2.4 Ϯ (10 g) from the uterus of an individual rat at a specific stage of the estrous cycle was fractionated on a denaturing agarose gel as described (14) . After hybridization with the rPAM-1 cDNA probe and exposure to film (16 h, Ϫ70°C with intensifying screen), the filter was stripped and reprobed with the ribosomal protein S26 mRNA probe. (B) For densitometric analysis of PAM mRNA levels, the amount of PAM mRNA was normalized to the amount of S26 mRNA; this arbitrary ratio was used to express relative tissue PAM mRNA levels. Error bars indicate the SEM. The asterisk indicates that the values for diestrus and proestrus are significantly different from the values for metestrus and estrus ‫,ء(‬ P Ͻ 0.003). Similar data were obtained in three independent experiments.
FIG. 2. Effect of estrogen status on uterus PAM mRNA expression. (A)
Total RNA (10 g) from individual animals in each treatment group was subjected to Northern analysis. The blot was hybridized first with the PAM cDNA probe and then stripped and hybridized with the ribosomal protein S26 mRNA probe. (B) Quantitative analysis of the blots shown in A was performed as described for Fig. 1B (s) . Each bar represents the mean Ϯ SEM of three independent experiments. Plasma LH levels (o) in individual (n ϭ 9) animals were measured as described in the text. The asterisks indicate a significant difference from OVX value ‫,ء(‬ P Ͻ 0.0002; ‫,ءء‬ P Ͻ 0.0001). 0.2)-fold (n ϭ 3, mean Ϯ SEM) decrease in total PAM specific activity in the uterus compared with OVX rats ( Table 2 ). The PAM proteins in any tissue reflect both the forms of PAM mRNA present and the co-or post-translational modifications that occur (6) . To determine the forms of PAM protein present in the uterus, and whether PAM proteins were affected by the estrogen status, equal amounts of protein (50 g) prepared from the tissue extracts from OVX and OVXϩE2 rats were subjected to Western blotting analysis (Fig. 4) . The PAM protein in particulate fractions from rat anterior pituitary (20 g) was used for comparison. Antibody 1764 specific to the PHM domain was used to identify PAM proteins. As expected, the major PAM protein in anterior pituitary membranes had a mass of 105 Ϯ 3 kDa (Fig. 4) and is thought to represent rPAM-2 and rPAM-3b (6). Two major PAM proteins at 155 Ϯ 3 kDa and 58 Ϯ 2 kDa were identified in uterine extracts from both groups of rats. In preparations from OVXϩE2 rats, a 53-kDa protein was also present. The 58-kDa PAM protein may derive from rPAM-1 by endoproteolytic cleavage or it may be intact rPAM-4 (6). The 53-kDa protein also may be a product of endoproteolytic cleavage of the precursor form of rPAM-1. Thus the post-translational processing of the PAM precursor in the uterus appears to be sensitive to estrogen status. Total PAM activity was calculated by taking into account the amount of protein in the uterine samples for each group. Results are expressed as the mean of three determinations. The asterisk indicates that the value is significantly different between the two groups ‫,ء(‬ P Ͻ 0.05). The number of animals per determination is given in parentheses. Effect of Ovariectomy and Progesterone Replacement on PAM Expression. Adult rats were OVX and the effect of 7-day treatment with progesterone (1 mg per animal) alone and in combination with 17␤-estradiol (4 g per animal) was investigated. The data showed that estradiol treatment sharply decreased PAM mRNA levels, whereas daily administration of progesterone to OVX rats failed to reverse the ovariectomyinduced PAM mRNA rise or to interfere with estrogen-induced decrease of PAM mRNA concentrations (Fig. 5) . These data confirmed that PAM mRNA expression in uterus is regulated only by estrogens during the estrous cycle.
In Situ Hybridization. Because the above findings suggested that the rat uterus has the capacity to synthesize PAM, we attempted to identify the uterine histological compartment where PAM expression might occur. PAM expression was then examined by in situ hybridization. The riboprobe used in this study corresponds to the full-length rat PAM cDNA and was selected for its ability to recognize all of the known forms of PAM mRNA (8) . When radiolabeled antisense PAM RNA probes were used on cryosections of uterine tissue in OVX rat, a majority of the cells in endometrium were found to contain autoradiographic grains (Fig. 6A) . Luminal and glandular cells were heavily labeled (see arrowheads in Fig. 6A) . A weak labeling was observed in stromal cells (double arrowhead in Fig. 6C ). Myometrium cells were negative (Fig. 6A) . 17␤-Estradiol treatment of OVX rats induced an overall decrease of the signal (Fig. 6D) . Nonspecific background labeling using the sense probe was negligible (Fig.  6E ).
DISCUSSION
The uterus was found to contain unexpectedly manifest levels of PAM activity, mRNA, and protein. The enzymatic properties of PAM activity in the uterus are similar to those described for PAM in other tissues (2) . However, the apparent molecular mass of PAM in the uterine tissue is 155,000 Da on a Western blot, whereas membrane-associated PAM in the anterior pituitary has a mass of 105,000 Da (Fig. 4) . The increase in size may reflect the fact that PAM proteins in the uterus are glycosylated. In fact, there are two potential N-glycosylation sites in rPAM-1 and only one in rPAM-2. Glycosylation may therefore contribute to some extent to the difference between the apparent molecular masses and those predicted for pro-rPAM-1 (106 kDa) and pro-rPAM-2 (94 kDa). Despite the presence of similar forms of PAM mRNA (data not shown) the PAM proteins found in the anterior pituitary and uterus differ. Thus post-translational processing contribute to the tissue-specific production of proteins derived from precursor PAM. The results of the present studies clearly demonstrate that PAM expression in the uterine tissue is regulated by estrogen status. PAM activity (data not shown) as well as PAM mRNA levels followed a synchronized cyclic pattern, being higher at metestrus and lower at proestrus. Furthermore, PAM expression in the uterus was reduced when OVX rats were chronically treated with estradiol. The (15 Ϯ 0.5)-fold decrease in PAM mRNA levels observed after estrogen treatment of OVX rats resulted in only a (2.4 Ϯ 0.2)-fold decrease in total specific activity. The amount of PAM activity in uterine extracts represents a balance among synthesis, storage, inactivation, and secretion of the enzyme. This dissociation between levels of PAM mRNA and enzyme activity may reflect variation in the forms of PAM present and͞or altered translational efficiency for PAM mRNA. In situ hybridization studies indicated that endometrium cells were the major cellular source of PAM.
All these data indicate that PAM synthesis in the uterus shows a reciprocal relationship with the estrogen status, suggesting that uterine PAM is regulated mainly by either estrogen itself or an estrogen-dependent factor. Estradiol action on PAM mRNA levels and activity appears to be specific, because progesterone has no effect on either parameter. The molecular mechanism by which steroids modulate the expression of PAM mRNA is not clear. On the basis of the size of the single-copy PAM gene spanning at least 240 kb of genomic DNA with 31 exons (ref. 8 and unpublished data) and the post-transcriptional regulation by estrogen of PAM expression in the anterior pituitary gland, plus the cyclicity of this regulation during the estrous cycle, we suggest that uterine PAM regulation by estrogen occurs at the posttranscriptional level. Further experiments are necessary to elucidate this mechanism.
During the estrous cycle the uterus is subjected to changes in cell proliferation and differentiation. The response of the uterus to estrogen is a complex phenomenon involving numerous biochemical events (19) . It is customary to divide the response of the uterus to estrogen into two major temporal phases. In the early phase, within the first 4 h after estrogen administration, there is an increase in uterine wet weight (20) , glucose metabolism (21), histamine depletion (22) , and RNA polymerase activity (23) . One of the early events that is likely to be important in the proliferative response of the uterus to estrogen is activation of protooncogenes that encode nuclear regulatory proteins (24) , the enhanced expression of growth factors and their receptors (25) , and cAMPindependent protein kinase (26) . The intermediate and late phase (4-48 h after estrogen) includes increases in protein and RNA synthesis and an increase in uterine dry weight and DNA content (27) . One emerging concept is that estrogens might stimulate proliferation of cells indirectly through a mitogenic polypeptide or protein.
The physiological significance of uterine PAM and its regulation by estrogen is not clear yet. PAM expression in uterine tissue suggests that PAM contributes to the synthesis of some potential ␣-amidated peptides. The production of bioactive ␣-amidated peptide requires the concerted action of several different proteases, whose activities are modulated by complex mechanisms (28, 29) . Several earlier studies have shown that estrogens can enhance proteolytic activity in the rodent uterus or in cultured uterine cells (30) (31) (32) (33) . In uterine tissue, we can hypothesize that some protein precursors [for example, growth factor precursors such as the precursor for insulin-like growth factor (IGF) and preproneuropeptides] undergo a cascade of activating proteolytic reactions whose end result is the release of different peptides, some of which could be potential PAM substrates. Such processing could result in the production of novel ␣-amidated peptides that could be active. Recently, Whitley et al. (34) have demonstrated that gastrin-releasing peptide (GRP), an amidated peptide, is synthesized, stored, and secreted in the pregnant human uteroplacental unit. The observation that GRP is synthesized in the uterus suggests that this peptide plays an important role during pregnancy in women and may have autocrine, paracrine, and endocrine functions. These could include the regulation of the growth, motility, and secretion of the uterus.
The finding of high PAM expression in heart tissue (14) with the lack of substrate(s) and the same finding now in the uterus open the possibility that PAM may have functions other than that linked to its well known amidating activity. Recently, a role for PAM in the biosynthesis of fatty acid primary amides, recognized as biological signaling molecules (35) , has been suggested (36) .
In summary, the results reported in this study demonstrate the overt expression of PAM in the uterus and its regulation by estrogen. Our current efforts are directed to understanding the role of this key processing enzyme in the uterus and the analysis of the molecular mechanisms concerning its regulation by estrogens.
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